The effects of Alternaria alternata (Fr.) (PM 217 and PM 702) ( 11 B 14) in the cultures with elicited cellulase, JA, Hp 2 and SA.
Introduction
It is well known that plants have an ability to produce secondary metabolites (phytoalexins) to defend themselves against microbial infection . These chemicals accumulate at the site of infection in intact plant (2) . Recently the utilisation of tissue cultures in the study of phytoalexin is receiving increas-47 ing attention (3) . There are some studies on the enzymology of sesquiterpenoid phytoalexin accumulation (26, 1, 28) . Elicitors are used to induce phytoalexin accumulation in cultured plant cells ( 14, 27) . Capsidiol is the major phytoalexin produced by inoculation of green pepper and tobacco cell suspension cultures with pathogenic fungi and numer-ous non-specific elicitors (3, 1 0). Effects of some elicitors such as cellulase, pectinase and a sterile extract from Gliocladium deliquescens on the capsidiol accumulation in the callus cultures of Capsicum annuum was investigated (3) . Arachidonic acid induced the extracellular accumulation of capsidiol in the cell suspension cultures of green pepper (Capsicum annuum) (5, 10) . Accumulation of capsidiol in tobacco cell cultures treated with fungal elicitor was investigated by Chappell et al (4, 6) . Some researchers used Jasmonic acid (JA) and methyl jasmonate (MJ) as elicitors to induce the phytoalexin accumulation. JA and MJ have been proposed to be key signal compounds in the process of elicitation leading to the accumulation of various secondary metabolites (16) . It was found that pre-incubation of suspension-cultured parsley cells with MJ greatly enhanced their ability to respond to fungal elicitors by secretion of coumarin derivatives (12) . An increase in rosmarinic acid content in cultured cells of Lithospermum ertyhorhizon was observed after their exposure to MJ (16) . Some researchers have found that exogenous application ofHp 2 is capable of inducing secondary metabolite formation (18) . It was observed that Hp 2 and 0 2 are produced during the plant defence against a pathogen, which are not otherwise necessary for phytoalexin accumulation (9) . Klessig et al. proposed that salicylic acid (SA) is a natural signal molecule for the activation of plant defense responses, inducing systemic acquired resistance, SAR (13) . In another study, it was found that Hp 2 (0.194-1.94 mM) with fungal elicitor did not show any positive effect on the lubimin and solavetivone accumulation in hairy root and cell suspension cultures of Hyoscyamus muticus However, MJ and SA with fungal elicitor induced the lubimin and solavetivone accumulation (15 ) . The present study was un-dertaken to compare resistant (PM 217 and PM 702) and susceptible (11 B 14) (17) . Hypocotyl ex plants of seedlings were taken into MS medium (1 mg/L kinetin, 3% sucrose 0.7% agar) to produce callus tissue at 25 "C (8). Two times subcultured callus tissues were taken into liquid medium (MS medium without agar) for cell suspensions in 100 ml Erlen-meyer flasks. The cultures were incubated on a shaker at 110 rpm and 25"C. Inoculation! Elicitation! Harvest Experiments were carried out in 100 ml Erlen-meyer flasks containing 50 ml of fresh medium. Each flask was inoculated with 2 g fresh weight of cells. After 14 days of growth, sterile biotic and abiotic elicitors were added. Sterile water was added for control flasks. The cultures were maintained on an orbital shaker at 25 oc for 24 hand 48 h.
Liquid phase samples were collected after incubation and analyzed for capsidiol. Sampies were frozen at -70 "C until utilized. All the experiments were conducted in triplicate. Preparation of fungal elicitor The fungal elicitor was prepared from the fungus of A. alternata grown in 1 L Erlenmeyer flask contained V8 juice medium at 110 rpm and 25 °C. The culture was incubated on an orbital shaker for 48 h. A. alternata was obtained from the Prof. Dr. Maden (Ankara University, Agricultural Faculty). The elicitor was prepared by resuspending hyphae in sterile water (254 g fresh weight I L) followed by homogenization and autoclaving for 3 h. The elicitor consisted of the hydrolized supernatant, after centrifugation for 30 min at 20.000 g. The final glucose concentration was measured by anthrone assay (29) .
Analysis
Capsidiol analysis was carried out using Varian 3700 Gas Chromatography. The induced capsidiol in the liquid phase was extracted with ether (20, 25 ) . Ether extraction was made twice using the equal volume of ether and liquid sample. Extraction time was l h. The ether was dried and residue was resuspended in methanol. The chromatographic analysis was carried out using a column 3 % SE-30, Gas Chrom Q (80-100 mesh) and flame ionization detector. Temperatures of the column, injector and detector were 200, 250, 270 "C, respectively. Nitrogen was used as a carrier gas and methyl myristate was used as an internal standart. Experimental results given below are the averages of three runs. Deviations were defined as standart errors.
Results and Discussion
The Effect of A. alternata on the Capsidiol Accumulation The effect of autoclaved hyphae suspension of fungal elicitor A. alternata on the capsid-iol accumulation in cell suspension cultures of three different genotypes of C. annuum (11 B 14, PM217, PM702) were investigated for different concentrations of hyphae suspension [50-500 mg Glucose Equivalent (G.E.) I mL] and elicitation times (24 h, 48 h). The total results are shown in Figure  l .a,b. Control flasks were also analyzed for three genotypes. But, capsidiol was not observed. No capsidiol was accumulated in the medium for 50 11g G.E. I mL elicitor concentration. The high capsidiol concentrations were found at 300-400 !lg G. E. I mL elicitor concentrations for resistant genotypes (PM 217 and PM 702). Maximum capsidiol concentration was obtained as 26.00 ±3.10 !lg I mL at 400 11g G. E. I mL for PM 702 (the most resistant genotype) at the end of 48 h. It was observed that capsidiol concentration increased with time for 11 B 14 and PM702 genotypes. However, when PM217 was used, it decreased for 400 and 500 !lg G. E. I mL elicitor concentrations. Probably, capsidiol was converted the another products at 48 h for this genotype. There are not much difference in the capsidiol accumulation for low elicitor concentrations. However , for high elicitor concentrations more capsidiol accumulation was observed for resistant genotypes (PM 217 and PM702). These results are in agreement with the results of another study in which the effects of A. alternata on the capsidiol accumulation in the fruits, the stems and the leaves of C. annuum were investigated (23, 24) . On the other hand, there is not any study in literature about the inducing effect of A. alternata fungal elicitor on capsidiol accumulation in C. annuum cell suspension cultures. Capsidiol accumulation in suspended callus culture of C. annuum elicitated with a sterile extract from G. deliquescens fungal elicitor was investigated ( 3). Chappel et a!. showed that large amounts of capsidiol accumulated in the media of tobacco cell suspension cultures upon addition of fungal elicitor P. megasperma f. sp. glycinea (4 .. Hp 2 caused the maximum capsidiol accumulation in the susceptible genotype (11 B 14) (Figure 5a,b ) . It may be due to the different capsidiol synthesis mechanisms presented in the three types. The results are in agreement with the results of other researchers ( 18, 21 The Effect of Salicylic Acid on the Capsidiol Accumulation. No capsidiol accumulation was observed for the elicitation at 5, 10, 20 and 40 mM SA concentrations in all genotypes. It is known that SA is natural signal molecule for the activation of plant defense ( 7) . The reason for the negative results in this study is the higher SA concentrations used compared to other studies. This emphasizes the importance of elicitor concentration in the media which changes for the type of the plant. Studies are continuing to clarify this subject further.
Conclusions
All of the elicitors except SA induced the capsidiol accumulation in the studied con- 
